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ABSTRACT

An apparatus and method of the present invention allows the
digitally decoding of asynchronous communication signals
and includes a sampling and storing circuit for sampling a
digitally converted asynchronous communication signal and
storing sampled signal values corresponding to negative
edge signal values, positive edge signal values, and central
signal values. A derivative calculating circuit is connected to
the sampling of storing circuit for receiving at least negative
edge signal values and positive edge signal values and
calculating derivatives. A comparator circuit receives the
calculated derivatives and compares the derivatives with the

threshold based on the calculated negative derivative and

produces negative output and positive output values used for

20 Claims, 7 Drawing Sheets
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APPARATUS AND METHOD FOR
DECODING ASYNCHRONOUS DATA USING
DERIVATIVE CALCULATION

RELATED APPLICATION

This application 1s a continuation-in-part of and com-
monly assigned U.S. patent application Ser. No. 09/169,517,
filed Oct. 9, 1998 now U.S. Pat. No. 6,377,633, the disclo-
sure which 1s hereby incorporated by reference in 1ts
entirety.

FIELD OF THE INVENTION

This 1nvention relates to the field of asynchronous data
communications, and more particularly, this invention
relates to the field of decoding asynchronous digital data that
1s sent over a wire line, radio or fiber optic communication
channel.

BACKGROUND OF THE INVENTION

In the copending patent application Ser. No. 09/169,517,
the problems of asynchronous communication systems and
prior art methods for decoding were addressed. In that
apparatus, the amplitude of a signal bit having negative and
positive peak values was measured and a mid-bit reference
computed. Changes 1n the base band signal peak excursions
were tracked and the mid-bit reference was updated from the
tracked changes of the base band signal excursions. To track
thermal drifts and components aging, the positive and nega-
tive peak registers were periodically decremented and
incremented, respectiully, at a rate several orders of mag-
nitude slower than the ADC sample rate.

This apparatus addressed asynchronous communication
systems that were commonly used where data was not time
oriented and was sent 1n bursts and typically received 1n a
burst receiver.

It 1s well known that in order to decode incoming data
correctly, knowledge of the data amplitude should be ascer-
tained 1n order to establish a reference within a communi-
cations receiver. Any receiver also should typically be
capable of performing DC signal restoration during poten-
tially long “quiet” periods. An example of a “quiet” period
1s shown 1 FIG. 1, where a frame of data has a stop but,
intermediate data (represented by the letter D) and a stop bit,
followed by a two minute signal delay, followed by another
frame of data with a start and stop bit and intermediate data
(D).

Asynchronous digital data i1s often sent over a wire line,
radio link, or fiber optic communication channel. In some
prior art systems, analog implementations have been used
for decoding the asynchronous signals. Typically, decoding
circuits have been designed to take mto consideration the
length of a communication line or the link loss. In this type
of system, the circuit will restore an analog signal to obtain
a digital signal value and then make a decoding decision on
the digital signal value. Typically, the circuit 1s designed
based on knowledge of the difference 1n data amplitude
coming 1nto a communications receiver, such as 1 a fiber
optic communications system.

In some prior art applications where the link distance 1s
still known with certainty, the receiver could move even it
the transmission distance and theoretical amount of attenu-
ation 1s known. The link loss, however, would not be known
and the signal strength could be variable. In some prior art
asynchronous communication systems, designers typically
would know the distance between a transmitter and receiver.
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For example, the communication line could be from room-
to-room, or from city-to-city. Once this link distance 1is
known, then the circuit 1s designed based on the theoretical
amount of signal attenuation. There are often times when the
amount of signal attenuation cannot be known 1n a commu-
nication line. Also DC signal restoration 1s difficult.

One of the key aspects of asynchronous data communi-
cation 1s the transmittal of packets or frames. Typically, a
burst receiver may be used as mentioned before. In many
prior art burst receivers, the receiver will lose 1ts DC
reference over a time pause 1n signal communication, which
1S why many communication systems use Manchester
encoding or pseudo random number generation.

An example of one problem with DC signal restoration 1s
comparing the difference between transmitting asynchro-
nous data over three feet of cable between two computers 1n
the same room, as compared to a longer distance system. In
the asynchronous data communication system, 1f a logical 1
corresponds to five volts and a logical O corresponds to zero
volts, there would be little problem in finding the midpoint
reference or threshold when the data signal 1s transmitted
through only three to five feet of cable. However, 1f the data
signal 1s transmitted through 100 miles of cable, then the
final attenuation would be great and the final signal could be
about 100 millivolts. If the 1deal threshold was set when only
the three foot cable were used (1.€., a threshold of 2.5 volts),
that threshold would be 1nsufficient for the 100 mile trans-
mission length and the threshold value would have to be
lowered to about 50 millivolts. Thus, 1t 1s evident why the
threshold in the most basic prior art asynchronous data
communication system was set based on the transmission
distance.

Some analog devices that are used for measuring the
signal attenuation and setting a signal threshold 1n a receiver
have been used with asynchronous data communications,
but these systems do not accomplish high dynamic range
burst mode asynchronous data decisions because of thermal
driits and parasitic effects of passive and active components.

Other common prior art methods have also been used to
establish a signal reference 1n asynchronous data commu-
nication systems.

In a preamble system, several disposable data bits are sent
prior to a data payload having the start bit to allow a decision
circuit 1n the communications receiver to establish a signal
reference. Thus, as soon as a start bit 1s transmitted, the
circuitry has measured both zero and one logic levels and
has set a threshold half-way between the zero and one logic
levels.

In a second method known as “avoidance of risk mode of
operation,” a confinuous stream of data 1s sent with an even
mix of ones and zeros by using a randomizing circuit. To
avold a long quiet period, which sometimes occurs such as
a two minute delay as shown 1n FIG. 1, the data 1s multiplied
by a pseudo random number 1n the transmitter to ensure the
data stream 1s rich 1n data transitions. Thus, there will always
be ones and zeros that are transmitted. Then the communi-
cations receiver circuitry decodes the pseudo random num-
ber and extracts the information.

In another method known as automatic gain control
(AGC), a constant automatic gain control circuit controls the
communications receiver gain. For example, 1f the transmis-
sion line 1s 100 miles long and there 1s a 100 millivolt
threshold, then the signal will be amplified back to five volts.
As a result, the system would use a 2.5 volt reference.
However, there are time constants. If the system 1s quiet for
extended periods, for example, about two minutes or some
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other time period, then the signal will decay and there 1s no
signal information on which to make a gain or adjustment of
the signal. Thus, the DC signal information 1s not present.

It 1s evident that the prior art methods are not adequate in
some circumstances. For example, the preamble system
reduces the data rate of the channel. As a result, 1n asyn-

chronous data transmission, the preamble method prevents
binary data transfer. Certain characters could be sent as a
preamble and would, therefore, not be used for the infor-
mation content. For example, if bits are sent to a commu-
nications receiver in order to synchronize that receiver, then
no data mformation 1s sent. Thus, the preamble system
requires a preamble and prevents binary data transfer. If
binary data 1s transmitted, there could be no start bit. The
preamble system would not know the difference between a
binary data bit or preamble bit. There could also never be a
“sync” word 1n the binary transmission because it would
mistake it for a frame signal. In the “avoidance of the first
mode of operation,” as noted before, a continuous transmis-
sion 1s required for randomized data. The automatic gain
control system (AGC) solves the problem of amplitude
fluctuations, but does not solve the problem of DC restora-
fion. In an automatic gain control system, it 1s possible to
correct the gain, but it cannot atfect the DC reference point.

Although the apparatus disclosed in copending U.S.
patent application Ser. No. 09/169,517 discloses a method
and apparatus that decodes asynchronous data signals, that
apparatus has not been found feasible with a signal having
significant distortions, amplitude variations and DC offsets
over a wide dynamic range, such as greater than 40 dB.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an apparatus and method for decoding asynchronous data
signals where the communication link contains unantici-
pated signal distortions that prevent reliable communication.

In accordance with the present mvention, the apparatus
digitally decodes asynchronous communication signals and
includes a sampling and storing circuit for sampling a
digitally converted asynchronous communication signal and
storing sampled signal values corresponding to negative
cdge signal values, positive edge signal values and central
signal values. A derivative calculating circuit 1s connected to
the sampling and storing circuit for receiving at least nega-
five edge signal values and positive edge signal values and
calculating derivatives. A comparator circuit receives the
calculated derivatives and compares the derivatives with a
threshold based on a calculated negative derivative and
produces negative output and positive output values used for
determining a decoded alpha signal.

The derivative calculating circuit includes a plurality of
subtraction circuits that receive sampled signal values to
calculate a plurality of derivatives. A threshold control
circuit 1s connected to the derivative calculating circuit and
receives a derivative calculated from a maximum negative
and positive edge signal value. A bit timer receives the
negative output and positive output values and times opera-
tion of the sampling and storing circuit, derivative calculat-
ing circuit and comparator circuit. An automatic gain control
circuit 1s connected to the threshold circuit for receiving
compared values of previously stored and decoded output
signals. A storage register stores samples of the decoded
output signal and an output control circuit receives negative
output and positive output values and produces decoded
output signals.

A method of the present 1invention 1s also disclosed for
digitally decoding asynchronous communication signals. A
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digitally converted asynchronous communication signal 1s
sampled and a plurality of sampled signal values are stored
corresponding to negative edge signal values, positive edge
signal values and central signal values. The method further
comprises the step of calculating derivatives based on
sampled signal values and comparing the calculated deriva-
tives for the threshold based on the calculated negative

derivative. Negative output and positive output values are
produced.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become apparent from the detailed descrip-
tion of the invention which follows, when considered 1n light
of the accompanying drawings 1n which:

FIG. 1 1s a representation of an asynchronous communi-
cation data transmission that shows a first frame transmis-
sion having a start and stop bit and data located between the
start and stop bit followed by a two minute delay, and
followed, 1n turn, by a second frame transmission.

FIG. 2 1s a graph showing the dynamic range limitations
of a typical digital sampler that 1s capable of DC restoration
with an optimal decision circuit reference level and a default
decision circuit reference level where the receiver noise

floor 1s shown by the bottom line.

FIG. 3 1s a graph similar to the graph of FIG. 2, but
showing a signal with a small extinction ratio.

FIG. 4 1s a block diagram of the apparatus for digitally
decoding asynchronous signals.

FIG. 5 1s a flow chart illustrating a basic method for
digitally decoding asynchronous data signals.

FIG. 6 illustrates a signal with automatic gain control
settling time.

FIG. 7 1llustrates a signal having overshoot/undershoot,
such as created by a laser when 1t first operates.

FIG. 8 illustrates the impulse noise of one signal.
FIG. 9 illustrates DC offset of a signal.

FIG. 10 1llustrates the DC drift of a signal.

FIG. 11 1s a block diagram of the improved apparatus for
digitally decoding asynchronous signals, such as shown 1n
FIGS. 6-10, and operable even when various types of
waveform distortions occur over a wide dynamic range,
such as greater than 40 or 50 dB.

FIG. 12 1s a flow chart illustrating the basic method of the
present invention using the improved apparatus of FIG. 11.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present mvention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the mvention to those
skilled 1n the art. Like numbers refer to like elements
throughout.

The present invention 1s advantageous because it now
allows decoding of an asynchronous data signal with sig-
nificant distortions, amplitude variations and DC offsets
over a wide dynamic range, such as greater than 50 dB. It
solves an interface 1ssue where a communication link con-
tains unanticipated signal distortions that prevent reliable
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communications. It allows the decoding of asynchronous
data 1n environments with significant overshoot, undershoot,
automatic gain control settling time, 1mpulse noise, and
amplitude variations because of temperature and component
aging, as well as DC offsets. For example, a sertal commu-
nication link can exist between commercial off-the-shelf
(COTS) equipment having a variable, unknown link budget.
For example, a 0-200 kilometer fiber optic communication
link may have no installation specific configuration. The
present invention can be implemented using a FPGA, ADC
and limited support circuitry.

For purposes of understanding, a description of the appa-
ratus disclosed 1n the copending "517 application that solves
the decoding of asynchronous communication signals where
there are no significant distortions or amplitude variations
and DC offsets 1s described, followed by the apparatus and
method of the present mnvention which does address more
adequately these problems.

FIG. 1 1llustrates a graphical representation of an asyn-
chronous data frame transmission shown at 10, with a delay
that causes a time delay problem. As shown in FIG. 1,
asynchronous data communication signals send data 1n
bursts and are not time oriented. For example, a first frame
12 could include a start bit 14 and stop bit 16, with data bits
(D) located between the start and stop bit 14,16. The
transmission then may have a two minute delay 18 followed
by a second frame 20 having a start bit 22 and stop bit 22 and
data (D) located between start and stop bits 22,24.

FIG. 2 1illustrates a graphical representation of the
dynamic range limitations of a typical digital sampler
capable of DC restoration. The zero decibel (dBm) line 30
may represent a five volt signal corresponding to a logic
level 1, while the logic level O at receiver noise floor line 32
could be zero volts and correspond to negative six (-06)
decibels. Thus, the optimal decision circuit reference level
would be about negative three (-3) decibels at the optimal
decision circuit reference level line 34, corresponding to 2.5
volts.

This type of system could be applicable to a fiber optic
communication system. The optimal decision circuit refer-
ence level 34 1s applicable to a short length line or short wire
where the same signal would be received with little or no
attenuation. Thus, 1t 1s possible to use a 2.5 volt reference
level, or one-half of the digital five volt level on transmis-
sion. If the communication link 1s “loose,” then the signal
will be attenuated and the reference would have to be below
the negative three (-3) decibel line 34. If it is desirable for
this system to work in both situations (i.e., the shorter or
longer line), 1t would then be necessary to place the decision
level toward the minimum or “bottom” where the default
decision level 1s located, such as at the default decision
circuit reference level indicated by dotted line 36. Thus, it
would be possible to work 1 both situations, 1.e., with the
short link length with little or no signal attenuation, and the
long link length with the much signal attenuation. The graph
also shows receiver digital signals for the optimal sampling
point at 38 and for the default sampling point at 40.

FIG. 3 1s another graph similar to FIG. 2, but showing the
situation with a small extinction ratio. The term “small
extinction ratio” 1s often used 1n fiber optic communication

systems and points to the relative difference between a
“light” state and a “dark™ state. If there was a default

decision circuit reference level as indicated at 36, and there
was a linite extinction ratio, it would never be totally dark,
1.€., the signal would never cross that level as shown by the

bottom 42 of the signal, which 1s above the default line 36.

10

15

20

25

30

35

40

45

50

55

60

65

6

It 1s evident that it 1s 1important to determine the positive
level and the negative level and place the threshold in the
middle. the extinction ratio 1s usually defined as a minimum
value.

In FIG. 4, an analog communication signal that 1s part of
an asynchronous communication transmission passes 1nto an
analog-to-digital converter (ADC) 52. Oversampling by the
ADC 52 can occur by about ten times, and in the 1llustrated
example, the analog-to-digital converter 52 converts the
analog communication signals into binary signal values
corresponding to the analog communication signals that
have negative and positive peak values for the data mfor-
mation. The binary signal values pass from the ADC 52 1n
the 1llustrated embodiment at about 1.25 MB/s, and are
stored within the analog-to-digital converter buifer register
54. Although 1.25 MB/s transmission rate 1s illustrated, any
data rate convenient for implementation as known to those
skilled 1n the art 1s possible. It should be understood that the
apparatus does not require a frame preamble, and the first bit
of data can be a signal start bait.

The negative and positive peak signal values of the binary
signal values are computed by techniques known to those
skilled 1n the art, and stored within a respective negative
peak register 56 and a positive peak register 58. As the
process continues, a negative peak comparator 60 and posi-
tive peak comparator 62 compares the positive and negative
peak signal values of a currently received binary signal
value with the most negative (the minimum) and most
positive (the maximum) peak signal values stored within the
negative and positive peak registers, and updates the nega-
five peak register 56 and positive peak register 58 1f the

current positive and negative peak signal value represent a
new minimum negative or maximum positive peak value.
The registers are updated accordingly by methods and
logical circuit implementations known to those skilled 1n the
art. To track thermal drifts and component aging, the posi-
tive and negative peak registers are periodically decre-
mented and incremented, respectfully, at a rate several
orders of magnitude slower than the analog-to-digital con-
verter sample rate. The period for the registers could be 1

Hz.

A subtraction circuit 64, working by an operation well
known to those skilled 1n the art, subtracts the positive peak
signal value from the negative peak signal value to deter-
mine the magnitude signal value corresponding to the dif-
ference between a binary zero and one of the binary signal
values of the converted analog communication signal. This
value then 1s divided by two within a division circuit 66 to
determine the half-magnitude signal value. This one-half
magnitude signal value 1s then added 1n an addition circuit
68 with the minimum negative peak signal value that 1s
stored 1n the negative peak register 56 to obtain a threshold
signal value. This 1s shown by the line descending from the
negative peak register 56 that then splits and extends to the
subtraction circuit 64 and the addition circuit 68.

This threshold signal value 1s stored within a threshold
register 70. This value 1s used to determine the mid-bit
reference. A threshold comparator 72 receives the currently
sampled binary signal value from the analog-to-digital con-
verter buffer register 54 and compares that value with the
threshold signal value from the threshold register 70. Thus,
there occurs a mathematical comparison of the calculated
threshold signal value to the currently sampled binary signal
value to decide whether the result 1s greater or less than the
computed threshold level as defined by the threshold signal
value.

After the comparison, the signal enters the DQ latch 74
that latches a single bit. Thus, the signal 1s mathematically
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computed from a 12-bit value (or other N-bit value) to one
bit output. The circuit makes the decision whether the
comparison 1s greater than the value in the threshold register
70 or less than that value. Data 1s transmitted out of the DQ
latch 74 at about the reduced rate of 115 KB/s, as compared
to the circuit input rate noted above of 1.25 MB/s. Naturally,
the data output can vary depending on final design choices
made by those skilled in the art. From the subtraction circuit
64, the signal also passes into a recerver amplitude circuit 76
betore 1t 1s divided. This circuit 76 acts as a diagnostic of the
12-bit value that tells the difference or number of least
significant bits (LSB) between a one and zero with the
peak-to-peak amplitude signal out.

FIG. 5 1llustrates a basic flow chart of the workings of the
apparatus 50. At block 100, analog-to-digital communica-
fion signals are converted into binary signal values. The
negative and positive peak signal values are stored within
the negative peak register 56 and positive peak register 58 at
block 102. The comparators 60,62 compare those negative
and positive peak signal values with the minimum negative
and maximum positive peak signal values stored within
those registers at block 104. If the negative and positive peak
signal values are either more positive or more negative than
what 1s stored for the minimum or maximum peak signal
values, the negative and positive peak registers are updated
with the new maximum or minimum values (block 108). If
not, the process continues as a loop until the update. The
subtraction circuit at block 110 subtracts the positive peak
signal value from the negative peak signal value to deter-
mine the magnitude signal value. At block 114, the division
circuit determines the half magnitude, which 1s then added
in the addition circuit at block 116 to the minimum negative
peak signal value stored 1n the negative peak register. The
resultant threshold signal value 1s stored within the threshold
register at block 118, and then compared at block 120 with
the currently sampled binary signal value to determine the
mid-bit reference. The signal then passes into the latch at

block 122.

Although the apparatus and method disclosed 1in FIGS. 4
and § are adequate for decoding asynchronous data where
there are not many waveform distortions, 1t 1s well known
that waveform distortions often occur as shown in the
various types of signal wavetforms as shown in FIGS. 6—10.
FIG. 6 illustrates a waveform signal with automatic gain
control settling time. FIG. 7 shows the overshoot/undershoot
of a waveform that could occur, such as when a laser first
operates. FIG. 8 illustrates the impulse noise that could exist
in a signal. FIG. 9 illustrates a DC offset, while FIG. 10
illustrates DC drift. These type of 51gnal and waveform

distortions are difficult to decode with the apparatus shown
in FIG. 4.

Referring now to FIG. 11, there 1s shown an improved
apparatus of the present invention that allows the decoding
of asynchronous data where significant distortions, ampli-
tude variations and DC offsets occur over a wide dynamic
range such as greater than 40-50 dB. For purposes of
description, the reference numerals begin 1n the 200 series.

As 1llustrated, the signal initially passes into an analog/
digital converter 200 where the sampling clock 204 times
the analog-to-digitally converted signal to be sampled by
sampling and storing circuit 206. Ten sample datum corre-
sponding to the signal values of negative edge signal values,
positive edge signal values, and central signal values are
sampled and stored. The sample window 208 shows ten data
storage areas, such as 1n a register or other storage circuit
known to those skilled in the art.

A dernivative calculating circuit 210 1s connected to the
sampling and storing circuit 206 and receives at least the
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3

negative edge signal values and positive edge signal values
and calculates derivatives. In one aspect of the present
invention, the derivative calculating circuit 210 i1ncludes a

plurality of subtraction circuits 212a, 2125, 212¢, 212d that

receive the sampled signal values and calculate the deriva-
tives. A threshold control circuit 214 1s connected to the
derivative calculating circuit 210 and receives a derivative
calculated from a maximum negative and positive edge
signal value, as shown by the first subtraction circuit 212a.
Four subtraction circuits 212a—d are illustrated, and permat
the negative edge signal values and positive edge signal
values to be processed and their derivatives formed from the
maximum to the minimum values as the central signal
values are approached. The center samples in the sample
window or register allow for edge rrregularities. Four deriva-
tive calculations must be greater than the derivative thresh-
old to discount impulse noise and runt pulses.

The threshold control circuit 214 1s set to a negative
derivative at the end of a bit time and after the automatic
cgain control has settled, as explained below. A threshold
signal 1s sent to the comparator 216, which receives and
compares the calculated derivatives with the threshold based
on the calculated negative derivative and produces negative
output and positive output values 220a, 22006 for the edge
that are sent to an output control circuit 222 to produce the
decoded output signal. The output control circuit 222 also
includes a feedback control signal 224 that 1s fed back to the
comparator 216. The negative output and positive output
edge values are also forwarded to a bit timer 230 that times
the sampling and storing circuit 206, derivative calculating
circuit 210, comparator circuit 216, threshold control circuit
214, and other timed circuits. The apparatus components
operate 1n parallel. The decoded output signal i1s also fed
back 1nto an output storage register 232 where a number of
samples are stored and then compared in an output com-
parator 234 and fed to the automatic gain control delay
counter 236 that 1s operative with the threshold control
circuit to allow feedback and control for the signals that have
many irregularities. Thus, the rate of control 1s established.
As to the comparator and AGC delay counter, the AGC delay
counter 15 loaded after a long period without transitions. At
the AGC delay counter, a terminal count occurs after eight
negative edges.

FIG. 12 1llustrates a basic flow chart for the high level
processing 1n the apparatus of the present invention. Refer-
ence numerals begin 1n the 300 series.

As the process starts (block 300), the digitally converted
asynchronous communication signal is sampled (block 302).
A plurality of sampled signal values are then stored corre-
sponding to negative edge signal values, positive edge signal
values and central signal values (block 304). The derivatives
are calculated based on the sampled signal values (block
306). The calculated derivatives are compared with a thresh-
old based on a calculated negative derivative (block 308).
Negative output and positive output edge values are pro-
duced (block 310). A decoded output signal is produced
form the negative output and positive output edge values
(block 312). Samples of the decoded output signal are stored
(block 314), compared, and the result forwarded to the
threshold control circuit to determine a threshold based on
the calculated negative derivative (block 316).

The present invention as described allows the decoding of
asynchronous data in environments with significant
overshoot, undershoot, automatic gain control settling time,
impulse noise, amplitude variations because of temperature
and component aging, and DC offsets. It allows the decoding,
of signals having a wide dynamic range demonstrated
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orcater than 40-50 dB. The architecture 1s useful over
asynchronous burst communication links having unknown
or widely variable length budgets, such as a serial commu-
nication link between a commercial off-the-shelf (COTS)
cequipment and variable, unknown link budgets, such as a
0-200 km fiber optic link with no installation speciiic
conilguration.

Many modifications and other embodiments of the inven-
tion will come to the mind of one skilled in the art having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, 1t 1s to
be understood that the mvention 1s not to be limited to the
specific embodiments disclosed, and that the modifications
and embodiments are intended to be included within the
scope of the dependent claims.

That which 1s claimed 1s:

1. An apparatus for digitally decoding asynchronous
communication signals comprising;:

a sampling and storing circuit for sampling a digitally
converted asynchronous communication signal and
storing sampled signal values corresponding to nega-
tive edge signal values, positive edge signal values and
central signal values;

a derivative calculating circuit connected to said sampling
and storing circuit for receiving at least negative edge
signal values and positive edge signal values and
calculating derivatives; and

a comparator circuit for receiving the calculated deriva-
fives and comparing the derivatives with a threshold
based on a calculated negative derivative and produc-
Ing negative output and positive output values used for
determining a decoded output signal.

2. An apparatus according to claim 1, wherein said
derivative calculation circuit comprises a plurality of sub-
fraction circuits that receive sampled signal values to cal-
culate a plurality of derivatives.

3. An apparatus according to claim 2, and further com-
prising a threshold control circuit connected to said deriva-
five calculating circuit for receiving a derivative calculated
from a maximum negative and positive edge signal value.

4. An apparatus according to claim 3, and further com-
prising a bit timer for receiving the negative output and
positive output values and timing the sampling and storing,
circuit, derivative calculating circuit and comparator circuit.

5. An apparatus according to claim 3, and further com-
prising an automatic gain control circuit connected to said
threshold circuit for receiving compared values of previ-
ously stored output signals.

6. An apparatus according to claim 1, and further com-
prising a storage register for storing samples of the decoded
output signal.

7. An apparatus according to claim 1, and further com-
prising an output control circuit for receiving negative
output and positive output values and producing the decoded
output signal.

8. An apparatus for digitally decoding asynchronous
communication signals comprising;:

a sampling and storing circuit for sampling a digitally
converted asynchronous communication signal and
storing sampled signal values corresponding to nega-
tive edge signal values, positive edge signal values and
central signal values;

a derivative calculating circuit connected to said sampling
and storing circuit for receiving at least negative edge
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signal values and positive edge signal values and
calculating derivatives; and

a comparator circuit for receiving the calculated deriva-
tives and comparing the derivatives with a threshold
based on a calculated negative derivative and produc-
ing negative output and positive output values;

an output control circuit for receiving the negative output
and positive output values and producing a decoded
output signal and a feedback control signal to the
comparator circuit.

9. An apparatus according to claam 8, wheremn said
derivative calculating circuit comprises a plurality of sub-
traction circuits that receive sampled signal values to cal-
culate a plurality of derivatives.

10. An apparatus according to claim 9, and further com-
prising a threshold control circuit connected to said deriva-
tive calculating circuit for receiving a derivative calculated
from a maximum negative and positive edge signal value.

11. An apparatus according to claim 10, and further
comprising a bit timer for receiving the negative and posi-
five output values and timing the sampling and storing
circuit, dertvative calculating circuit and comparator circuit.

12. An apparatus according to claim 10, and further
comprising an automatic gain control circuit connected to
said threshold circuit for receiving compared values of
previously stored decoded output signals.

13. An apparatus according to claim 8, and further com-
prising a storage register for storing samples of the decoded
output signal.

14. An apparatus for digitally decoding asynchronous
communication signals comprising;:

a sampling and storing circuit for sampling a digitally
converted asynchronous communication signal and
storing sampled signal values corresponding to nega-
tive edge signal values, positive edge signal values and
central signal values;

a derivative calculating circuit connected to said sampling
and storing circuit for receiving at least negative edge
signal values and positive edge signal values and
calculating derivatives;

a threshold control circuit connected to said derivative
calculating circuit for receiving a derivative calculated
from a maximum negative and positive edge signal
value;

a comparator circuit connected to said derivative calcu-
lating circuit and the threshold control circuit for
receiving the calculated derivatives and comparing the
derivatives with a threshold based on a calculated
negative derivative and producing negative output and
positive output values;

an output control circuit for receiving the negative output
and positive output values and producing a decoded
output signal and a feedback control signal to the
comparator circuit;

a storage register for receiving and storing samples of the
decoded output signal; and

an output comparator circuit for comparing samples of the
decoded output signal and producing a comparison
signal to said threshold control circuit.

15. An apparatus according to claim 14, wherein said
derivative calculating circuit comprises a plurality of sub-
traction circuits that receive sampled signal values to cal-
culate a plurality of derivatives.
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16. An apparatus according to claim 15, and further
comprising a bit timer for receiving the negative output and
positive output values and timing the sampling and storing,
circuit, dertvative calculating circuit and comparator circuit.

17. An apparatus according to claim 16, and further
comprising an automatic gain control circuit connected to
said threshold circuit for receiving compared values of

previously stored decoded output signals.

18. A method for digitally decoding asynchronous com-
munication signals comprising the steps of:

sampling a digitally converted asynchronous communi-

cation signal;

storing a plurality of sampled signal values corresponding,
to negative edge signal values, positive edge signal
values and central signal values;

10
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calculating derivatives based on the sampled signal val-
ues;

comparing the calculated derivatives with a threshold
based on a calculated negative derivative; and

outputting negative output and positive output values.

19. A method according to claim 18, and further com-
prising the step of producing a decoded output signal from
the negative output and positive output values.

20. A method according to claim 19, and further com-
prising the step of storing samples of the decoded output
signal and comparing the stored samples of the decoded
output signal for determining a threshold based on a calcu-
lated negative derivative.
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